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SUMMARY

This paper describes the procedures used by the Microwave Integrated

Circuit Group to design microstrip and stripline bandpass filters. Design

computer programs are included together with worked examplcs. Comparisons

between measured and theoretical responses for a number of practical filters

are given.
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SI INTRODUCTION

This paper describes the procedures used by the authors in the design of

microstrip and stripline bandpass filters for microwave frequencies.

The basic objectives of this work were to (a) explore the possibility of

using thick film techniques to produce microwave components, and (b) to provide

a customer service supplying microwave components to RAE departments.

The thick film assLssment was done in two parts. The first was concerned

with an investigation into thick film microstrip losses and into how these losses
7~1,2are affected by process variables. This work has been published1' in part and

3is the subject of an RAE report which is in preparation at the present time.

The second part of the thick film exercise involved the design and manufacture

of a number of passive components, particularly filters. Tuo forms4 of band-
pass filter were investigated, one made up of edge-coupled half wavelength

resonators, and the other made up of quarter wavelength short-circuited stubs

and quarter wavelength connecting lines. Both Tchebyscheff and Butterworth

responses were used.

While this work was taking place a number of stripline bandpass filters

were designed for RAE customers. These were made using high quality printed

circuit board.

In order to reduce the effort devoted to the repetitive arithmetic

essential for filter design, and in order to let potential customers know

promptly if their requirements are feasible, a number of computer progranq were

written. These programs are included in the following report together with an

amended version of an existing NASA program5.

Some examples of practical filters are presented, and a comparison is made

between meastied and theoretical responses. It, general good agreement has been

obtained.

2 MICRO3TRIP AND STRIPLINE

2.1 Microstrip

Microstrip transmission line is well reported6-8 and the basic structure

is shown in Fig.]. It consists of a conducting strip of width W , and

thickness h , separated from a conjucting ground plane by dielectric material

of thickness , with dielectric constant e
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8

Empirical equations are given below which relate characteristic impedance

Z0 , and velocity ratio (XgI)0) , 0 vth physical dimensions and dielectric

constant for microstrip.
377H

z0 37 1.735 r-0. 0 7 2 4 (w/H)-0.8 3 6] ohm

9 (2)
0 F 0.63 (Er 1 I) (W/H) 0125 (2)

for W/H > 0.6

0 + 0[.6 (: r -) (W/H)0.0297 1

for WIH < 0.6

where A9 W the wavelength in the lineg
0 - the wavelength in air

W and H are in the same units.

An interactive computer program, called MICR, which is written in JEAN and

can be used to produce tables of Z0 and velocity ratio for various line widths,

is listed in computer table 1. A worked example is given in Appendix A.

It should be noted that no account is taken of dispersion (i.e. change in

substrate dielectric coastan. with frequency), and for the most accurate design

the effective dielectric constant at the frequency of interest should be used.

2.2 Stripline

Stripline, often called triplate, is a transmission line constructed as

shown in Fig.2. It consists of a conducting strip at the centre of two ground

planes with the remainder of the volume between the ground planes filled with

low loss dielectric material.

The characteristic impedance Z0 , of stripline is determined entirely by

the physical dimensions of the line and the dielectric constant of the insulating

material. A set of curves 9 , derived by Cohn relating the characteristic

imgedance, the dielectric constant (cr) of the dielectric material and the

dimensions of the stripline as depicted in Fig.2 are reproduced in Fig.3.
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"Tablas of Z for given dimensions and dielectric material may also be
0 10

calculated from the following equations to give results sufficiently accurate

for engineering purposes.

For relatively broad strips, where w/(b - t) >- 0.35

Z 94.1oh (4)

where w - the conductor strip width

t = the conductor strip thickness

b - the ground plane separation

w, t and b are in the same units

C' is the fringing capacitance in pF/cm from one corner of the strip

to the adjacent ground plane and can be calculated from:

O.0885E [(l _2 log(e 
pF/cm

... (5)

For relatively narrow strips where w/(b - t) • 0.35

0 [ 60 log e 4bw)7 }ohm . (6)
---TTW F + -, ÷ l o e -• + 0 .5 1 / w

This equation is valid for t/w < 0.11.

The velocity ratio, which is independent of frequency and Z0 in this

case, is given by:

velocity ratio - (7)

A simple computer program, which can be used to produce tables relating

strip width and characteristic impedance for ý:iven materials, is listed in

computer table 2. The program, called STPW, uses equations (4), (5), (6) and

(7) and is written in JEAN for interac'-Lve use. A worked example is given in

Appe.dix B.

L
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3 B•AIDPASS FILTER CONSIDERATIONS

3.1 General

Before designing a bandpass filter its response must be clearly defined.

Fig.4 shows a typical Butterworth, maximally flat, frequency response

for a bandpass filter. In order to define the specification for such a filter

using these programs, the following details are needed:

(i) the pass band edges f, , f 2 as defined by the 3dB points, or

the centre frequency f0  and the bandwidth Af ;

(ii) a rejection, Af in dB, at some frequency fa , outside of the

pass band.

In the case of a filter with a Tchebyscheff, equal-ripple response (see

Fig.5) the details listed below must be known to define the specification:

(i) the maximum ripple R in dB which can be tolerated in the

pass band;

(ii) the pass band edges f, I f 2 as defined by the ripple value, or

the centre frequency f 0  and the bandwidth Af

(iii) an attenuation, Af , in dB at some frequency, f , outside of
a

the pass band.

With this information it is possible to determine the number of sections

N , required to meet the specification, and also to obtain a theoretical

response curve (assuming no losses) for the filter. A computer program,
called PLOTBP, has been written for interactive use in BASIC, to determine N

and give theoretical frequency-transducer gain plots for either Butterworth or

Tchebyscheff responses. The program is listed in computer table 3 and a worked

example is given in Appendix C.

The lowpass to bandpass mappings used in the program are given in Ref.4.

In order to complete a specification for a practical filter, it is

necessary to specify the system characteristic impedance, Z0 ohm , and the

permissible insertion loss.

3.2 Dissipative losses

In practical filters the tuned elements will not be lossless, and this

will show up mainly as insertion loss in the pass band. If the unloaded Q of
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the resonators, Qu , is known, an estimate of this loss can be made using the

following equations4

dissipative midband loss - 4.343 dB (8)-- f QkB 8

where Wf - the fractional bandwidth and is equal to Af/f 0

n - the number of sections

9k = the kth element of the equivalent lowpass prototype

Qk - the unloaded Q of the kth resonator or section.

If the assumption is made that Qk is the same for all values of k and

is equal to Qu , then a further approximation can be noade so that:

n1

dissipative midband loss Wt 4 3 gk dB (9)
k-I

Provision for estimating the increase in midband loss due to dissipation

is written into the prngram PLOTBP using equation (9) above.

3.3 Lumped element filters

Filters can be made using lumped components at microwave frequencies

provided the compo:ents are kept small compared with a wavelength (typically

less than 1/20 of a wavelength). The Plessey Co., under CVD Contract CRP9-137

is investigating lumped component filters with centre frequencies up to 2 G0z.

Fig.6 shows the layout of a lumped component bandpass filter together with

its dual. Computer table 4 lists a program, written in BASIC, which can be used

interactively to design filters of this type. The program is called BPLE and a

worked example is given in Appendix D.

3.4 Parallel-coupled resonator filters

The filter4']] most comionly used is shown in Fig.7a. It consists of a

number of edge-or parallel-coupled resonators which can be made in either micro-

strip or stripline. Each resonator is a half wavelength long and is coupled to

its neighbour along half of its length.
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Filters of this type are suitable for bandwidths of the order 2% to 25%.

For bandwidths of less than 2%, dissipative insertion loss becomes excessive

for many applications when using film circuit techniques. For bandwidths of

greater than 25%, the gaps needed between the resonators to achieve the tight

coupling become too narrow to fabricate.

In order to determine the physical dimensions of this type of filter, it

is first necessary to compute the even- and odd-mode impedances, Zoe and Z o

respectively, for each coupled section. The even-mode impedance is the

characteristic impedance of a single coupled line to ground, when equal current-

are flowing in the two lines. The odd-mode impedance is the charactt.ristic

impedance of a single coupled line to ground, when equal and opposite currents

flow in the two lines. Z and Z can be determined with the computer program
oe 00

BECFI, which is listed in computer table 5. The program is written in BASIC and

is intended for interactivt. use. A worked example is shown in Appendix E.

3.4.1 Microstrip filteL dimensions

The line widths and the gaps between the lines for the coupled sections

can be obtained from the even-and odd-mode impedances by use of tables or curves,

generated by a computer program written by Bryant and Weiss- 2 1 4 . The dimensions

of the input and output lines are determined as described in section 2.1.

5
Alternatively, a NASA computer program , which has been adapted to run on

the RAE ICL 1904 computer, can be used to produce a complete design, when

supplied with a specification for the filter and details of the microstrip

materials. Firstly, it determines the number of sections to meet the specifica-

tion, then Z and Z are calculated, and finally the physical dimensions areoe O00

obtained. The program is written in FORTRAN. The modified version if the

program, known as BDPS, is listed in computer table 6. A worked example together

with full details for inputting data is given in Appendix F. It should be noted

than some empirical adjustment of the lengths of the resonators is sometimes

necessary to pull the filter onto frequency. This need for adjustment is due to

a number of causes such as:

(i) fringing effects at the ends of the resonators;

(ii) insufficient data regarding the precise dielectric constant of

the substrate material within a batch, or from batch to batch;

(iii) problems associated with the fact that the even- and odd-mode

velocity ratios are different for microstrip.
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3.4.2 Stripline filter dimensions

For stripline, the widths of the resonators and the gaps between them, as

shown in Fig.7a, can be obtained for uach coupled section by the use of nomo-
15

grams shown in Figs.8 and 9. The coupled lengths are given by:

-3 x 101
L 4f° cm (10)

where fo - the centre frequency in Hz.

Er - the dielectric cunstant of the dielectric material.

Because of fringing effects the resonators normally require shortening by

a small amount di as shown in Fig.7b. It has been found, that for stripline

the end correction recommended by Cohn1 5 is adequate for most purposes. That

di - 0.165 b

where b - the ground plane separation.

The widths of the input and output lines are determined as described in

section 2.2.

3.5 Short-circuited stub filters

This type of filter4 (see Fig. 10), which is also suitable for both micro-

strip and stripline, can be used for bandwidths of the order 302 to 120%.

In general the greater the bandwidth the narrower the stubs. Thus the

maximum bandwidth which can be achieved is limited by the minimum stub width

(i.e. the maximum characteristic impedance) which can be fabricated.

The use of excessively broad lines is not desirable because of the diffi-

culty in establishing reference planes at T-junctions, and because of the risk

of setting up spurious propagation modes at higher frequencies(e.g. a 20Q micro-

etripline should be usable only up to 15 GEz when made on 0.635in almina 1).

Hence, the maximum line width which can be tolerated sets the lower limit of

bandwidth for the stub filter.

The lower limit of bandwidth can be extended a little by replacing the

centre stubs, which are of approximately half the characteristic impedance of

the end stubs, by pairs of stubs in parallel of double the desired characteristic

impedance. This alternative layout is illustrated ia Fig.10.
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A computer program called STUB has been wriLted in BASIC to obtaiu the

characteristic impedances of the stubs and connecting lines. It iq intended

for interactive use, and is listed in computer table 7. A worked example isi

given in Appendix G.

For a given filter, once the characteristic impedances are known, the

physical dimensions for microstrip or stripline are obcained as described in

sections 2.1 or 2.2 respectively.

4 PRACTICAL FILTERS

A number of practical filters, which were designed using the above pro-

cedures, are described in this section. Some were made in thick film, while

others were made using printed circuit board.

4.1 Thick film filters

All of the thick film filters were constructed in microstrip using

screen printing methods.

The filters were printed with Engelhard 9177 gold ink on 0.635mm, Coors

ADS 945, alumina substrates. The conductor patteins were printed through 325

mesh, stainless steel screens. A firing temperature of 850*C was used tblough-

out and to minimise cost, silver ground planes were used in each case. More
detailed information on the manufacturing processes used are given in Ref.3.

Connections at filter input and output ports were made v9ia SMA coaxial to

microstrip connectors.

(i) Filter A (see Fig. l)

Parallel-coupled resonators

Butterworth response

Two resonators

Centre frequency 1.52 GHz

5% baudwidth

As can be seen in Fig.11, this filter w'.s folded in order to print it on

a 50.8mm x 50.8mm substrate.
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(ii) Filter B (see Fig.12)

Parallel-coupled resonators

Tchebyscheff response

0.1dB ripple

Three resonators

Centre frequency 3.0 GHz
13.4% bandwidth

(iii) Filter C (see Fig.13) k

Parallel-coupled resonators

Tchebyscheff response

O.IdB ripple

Three resonators

Centre frequency 5.75 GHz

10% bandwidth

The worked example in Appendix F gives the design of this filter.

(iv) Filter D (see Fig.14)

Short-circuited X/4 stubs with A/4 connecting lines

Tchebyscheff response

0.OdB rippl.

Five sections or stubs

Centre frequency 5 GHz

50% bandwidth

With this filter, the short circuits at the ends of the stubs were

achieved by printitig a conducting stripe along the ends of .he stubs parallel

to the edges of the substrate. These stubs were then connected to the ground

plane by painting around the edge of the substrate with the same ink as was

used for printing the conductors. The circuit was then fired in the normal way.

The simplicity of achieving short circuits to ground by this method is a very

useful ieature of the thick film process.

Pairs of parallel stubs were used for the centre stubs as described in

section 3.5.

This filter is the subject of the design example in Appendix G.

h.t
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4.2 Printed circuit board filters

All of the filters described below were made using standard photo-etch

techniques on high quality printec, circuit board (Rezolite 2200 of 1.59%n

thickness). This material was obtained plated on both sides with copper

0.036mm thick. Rexolite is a gla-s reinforced, cross-linked, styreno copolyuer,

which has a dielectric constant of 2.62 (10 MHz to 10 GHz).

Where filters were made in stripline, the conductor pattern was etched

on one side of one sheet by photo-etch techitiques leaving the copper ground

plane on the other side. The copper on one side of a second sheet was comp-

letely removed and the whole structure was either glued together or clamped

together using rows of screws. Occasionally aluminium backing plates were

used to ensure even clamping over the total area of the filter. Type 'N' Esca

launchers have been used on filters E, F, I and J while SA connectors have

been Lsed on filters 6 and H.

(v" Filter E (see Fig. 15)

Steipline

Parallel-czupled r'sonato. s

Butterworth response

Two resonators

Centre frequency 1.55 GHz

8% bandwidth

(vi) Filter F (see Fig.16)

Stripline

Parallel-coupled resonators

Butterworth response

Three resonators

Centre frequency 1.55 GHz

2j% bandwidth

Fig. 16 shows the conductor pattern and also the coiplete assembly.
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S(vii) Filter G (uee F/8.17)

Stripline

Parallel-coupled resonators
r Butterworth response

Four resonatore

Centre frequency 9.4 GCli

2J1 bandwidth

This filter was assembled by gluing the two halves together using 1B J2

Cyano-acrilate adhesive. This adhosive gives a strong bond for a thin, low rf

lose slue line. It was necessary to solder copper foil around the edges of the

filter, in order to mke good electrical connection for rf between the two

ground planes.

(viii) Filter H (uso Fig. IB)

Stripline

Parsilel-coupled resonators

Butterworth responso

Five reeonntors

Centre frequency 9.4 Gl.z

2J2 bandwidth

(ii) Filter!I (see Fig. 19)

Stripline

Parallel-coupled resonators

Tchsbyscheff response

O.MdB ripple

Five resonators

Centre iýeqowncy 850 MWz

23,52 bandwidth

In Fig. 19 it can be seen that this filter was folded so that the resonators

are V-shaped. This was done in order to reduce the overall length. The calcula-

tion of the even- and odd-uode impedancem for this filter is the subjest of the

worxed example in Appendix R.
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(x) Filter J (see Fig.20)

Nicrostrip

X/4 short circuited stubs with X/4 connecting lines

Tchebyscheff response

0.1dB ripple

Four stubs

Centre frequency 1.5 GHz

60% bandwidth

At the end of each stub, it was found to be necessary to solder a copper

plate between the stub and the ground plane to provide a good short-circuit to

rf . The plate needed to be at least two stub widths wide and ideally stood

above the plane of the surface of the printed circuit board to form a physical

'wall'.

4.3 Measurements

The transducer gain was measured for each of the filters over the desired

frequency band, with a Hewlett Packard Network Analyser.

4.4 Theoretical performance

For ench of the filters a theoretical response was calculated for compari-

son purposes.

For filters A, B, E to J a theoretical response assuming no losses was

calculated as described in section 3.1. The worked example in Appendix C shows

the determination of the theoretical performance of filter E.

For filter D a theoretical response was obtained by analysing the filtercircut oncompuer pogra17

circuit on computer program 1, Rednp 38, Realistic losses 3 per unit length for

the filter lines were used in the analysis.

The theoretical response for filter C also takes into account filter

losses. Here it was not possible to analyse the circuit directly, as the

analysis program does not have provision to deal with coupled lines. In this

case, the equivalent lumped circuit was designed as detailed in section 3.3.

Equivalent3 Q values were given to the lumped components, then this lumped

circuit was analysed to give the theoretical response.

An estimate of mid-band loss for each filter was made using equation (9).

The Q values used in equation (9) were obtained by direct masurement for 5011
u4
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thick film ring resonators3. The Rexolite values were obtained from the manu-

"facturer's data sheet.

Fig.21 shows how varies with frequency for both 50f, thick film, micro-

strip resonators and 50, Rexolite 2200, stripline resonators.

5 RESULTS AND DISCUSSION

The measurement and theoretical responses of filters A to J are shown in

Fig8.22-31 respectively. A st-ry of the results is shown below.

Mid-band loss dB
Photo- Frequency Qu for

Filter graph response 50o According to
Fig.No. Fig.No. resonator Heasured equation (9) circuitsqua ion(9) analysis

A 11 22 100 2.7 2.5

Thick B 12 23 150 1.0 0.7 -
film C 13 24 230 1.3 0.6 0.9

D 14 25 210 0.9 0.2 0.25

E 15 26 320 1.2 0.5

F 16 27 320 2.4 2.2
Printed G 17 28 390 2.0 2.3
circuit
board H 18 29 390 1.8 2.9

I 19 30 230 1.5 0.7

3 20 31 315 0.4 0.1

A feature of filters made up with distributed components is that spurious

resonarces will occur at multiples of the design centre frequency. This gives

rise to spurious pass bands and the designer must bear this in mind from the

start. In the case of the parallel-coupled resonator filter, the spurious pass

bands occur when the resonators are 3Xg/2 , 5X8/2 etc (i.e. with centre

frequencies of 3f 0 , 5f0  etc.). This effect is illustrated in Fig.32, which

shows the frequency response of filter I over an extended frequency range.

6 CONCLUSIONS

(i) The design procedures described in this paper can be used to produce

satisfactory filters with centre frequencies from 1.5 to 5.75 GIz for thick

film, and with centre frequencies of 0.85 to 9.4 GHz for Rexolite 2200. There
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is no indication that an upper limit in frequency has been reached for either

technology. Only lack of time and suitable requirements have prevented work at

higher frequencies than those reported.

(ii) The measured frequency responses match quite closely in every case

the theoretical responses obtained from computer program PLOTBP.

(iii) It should be stressed that the method used to predict mid-band loss

is not accurate, particularly with the assumption that all of the resonators

will have the same QU value as that of a 50Q2 resonator. However, if this ;a

accepted, it is still a very useful way of obtaining a rough estimate of mid-

barnd loss sufficiently accurate to decide in most cases whether a filter design

is feasible or not.

(iv) All of the interactive programs have been written in such a manner,

that they can be run by personnel with the absolute minimum of training in

computer operation.
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SYMBOLS

W width of microstripline conductor

h thickness of microstripline conductor

H dielectric thickness for microstripline

Cr dielectric constant

Z 0 transmission line characteristic impedance in ohm

x8 9wavelength in transmission line

x 0 wavelength in air
W width of stripline conductor

t thickness of stripline conductor

b stripLine ground plane separation

Cf fringing capacitance in pF/cm

f frequmncy of lover edge of pass band
f 2 frequency of upper edge of pass band

f 0 centre frequency of pass band

Af bandwidth

Af attenuation in dB

fa frequency where Af is required

R Tchebyscheff ripple value in dB

N number of filter sections

Q resonator quality factor

QU unloaded Q value

Wf fractional bandwidth

n number of filter sections

9P 92" elemental values of the equivalent lowpass prototype

Zoe even-mode impedance of coupled transmission lines

Z odd-mode impedance of coupled transmission lines

L length of coupled region for parallel-coupled resonators

dL resonator end correction
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Table I

Computer Table 1 Listinoj of computer program MICR

1~~~~ * f'E (ivIG : MI1CIO"
1 I2 L\J E2 r I MES

1 .2/4 DEMA1JD E /AS"EVfEi DIFLEXM~IC c'JNsTrAVT"
1 .25 DF:.AAND P .45"E'rEh SiJBSTiiATE THIC!(NESSCM.M)"
1 * 2) f~'".JE~1J,3ES'(L), I 'JCiAME,\T( I) A Hi-(i -F~sr( VA~LUES ;IF WI DTH(MIM)"
1 .3 DEM-,A.JD LPI.P.4
1 .39 LI\JE, /I MIMES
1 .1i rYPE" 'vCMAYI WT) w c Z,0){M5) LC6) /.C-1)"
1 *41 LIVJE
1 .42 AJ=J
1 .5 D3] iAit1' 2 F:)i- W=L(I).q

2 .1 1=I/( St 0 336)
2 .15 S-=I/(EO.072/4)

2.2 C= I+ (0,*3'c -735)

2 .25 D)=c*$~iircE)
2.3 ýL=377/(S*D)
2 .9 Ti PAi 3 IF S>.6

2.)92 DJ PA.*i /4
3 .1 L,=!;2iff(1/c 1+0.63'*CE-1)*S?3. 1255))

3 .2 P-Dti PIAL r

4 ..2 D-2 ?.A, i 5

5 .2 T= kj)O/2 5e 4,
S.-01 VJ=V+ 1

5 .3 fitg 17I4 FIRM 1

5 ./I DI 9.4iir 6 IF Fr'C-'/I0)<O.OS

6.1 LINE
6.2 DJ e.Aiir 7 IF F?(N/11O)<0.0001,
7 .1 LIVE, -4 rI-MES
F 1 l4

# Ichc 0 #0



Table 2

Computer Table 2 Listing of COMPUter prOOrMM STR2

1 . i r)(EF " (PhtG I STR2)'
1 .3 DO P.AitC 2
2.1 DF..MA>JD E AS"ENTEfl DIELFCIrfiC CO'JSTAWJ"
2.11 DE:4A>JD r AS5"E,%4rEi C-31DucT')ii v4-ICKJESSCMM)19
2*111 DEM4AVD B AS"TER~E Gh.JJ'4D PLANE SEPARATI,)W'4(M)q$

2.12 f'?E'E"E.TEri LiW~T()I .iM4~TCI).p4IGHFSTC-4) VJALUEFS 'IF WIDTH(MM)"

2.13 DEMA'JD LDIp.*q

2.15 LFIJE,4 rI-Fi:*
2.2 L~/UfE
2.25 W(~E U [IV FORM 1
2.3 LINE~
2.35 rfr'E " WCMM) WCF113U) W/C B-I) 4 (O¶-MS)"
2.4 LI.'JE
2.45 Q=O

3.1 TO Z'Ajir 4 IF W/CB-r)<.35

2.15 1), Ak- f 3FIR WCD)

3.2 D=( 2A)*LOIGC I/A)+ 1)
3.25 F=( (1/A) -1 )*LO3GC Cl/Af2) -1)

3.35 G=(cCCw/B)/A)+C)
3 .4 4=9 ,4.15/CSQI.rCE)*G)

3 .45 DO ?Aiid 5
4.1 A=1+L-JG(C4*pi*w)/,r)

4.2 D=(W/12)*A
4.25 7,C6 0/S()iThCE))*L)IGCC4*13)ID*Pl))
4.-3 DO ?A if 5
5.1 ij='.41OOO/25.4
5.15 X=W/CB-T)
5.2 a=J41
5.25 LIJE IF FPCQ/10)co.0S
5.3 LIYIE, 3 TIMES IF FRPC1/40)-cO-0

0 1

!).35 ryF? w,V,APZ 114 FORM 2

FjRW41:

F .3 BI4 2:



Table 3

Computer Table 3 Listing of computer program PLOTBP

D11D ACP26), L3( 26), t-( 26)

~ z'~I~3 "': JE'~If J S9FýC I Ff 124413) IýDr~: 9 F' ):Os

101 4--1'J 4"3
1 2 I i.'.3 0 f!1F:ý' 25

'q fi ?. -N f'J E.iX. Fo.-;ýj JF 1A~i t~ *:JP1T BA JD-JG. r rs*
9' IVPJJi F1xF2

2 1 ,3=CFI1F2)/,'-

2 3 &iE) 31

2)6 I.4?J ~f J.i,

2 iF2 =C 13/ 2) C 2+4.')

3 1 CI .-100 icý'
3:3 ?.&1 Vf '":3AVDFA IE~ .~riE.JDI P1 " F'. 0! =I';iI 3; "?' 0S1i))

3/1 1 4Jr 7,3
3s ?;tj3r",Evr~i% I F)z. rciE tSCrHFFI: A FI~i JvjrCTFW~i-iFT:
3 6 I'veir ri'
37' iuF rio r1iEIE' 659

50 SC2)=0.1
ti5S C3)=').2

65 .ýi(5)=l
7 0 Si(6) =2

-5 V= 0

1 05 1IF 4> 15 r(E'3 165

115 E=10t(s3/10)-1
1 16 G'JSJi 2000

135 L=(I'tA1/I'A)/2
1 40 12=(10/2.3OP5'3)*LIGCI+(F,*CL?2)))
14A5 IF D'it r.-. 100
1 50 m PIJr... 3'~~L'u "1 F 3 9 ~t"s fUrt~~~
1 !55 IF :S'5,,(7) F'!F' .90
160 G-jr. 115
1 5P~it4r';43hE NAV 15 P*LEME*4 r' M~t~) F131 HI!PPIA. IF"ISq"

2,)o Pit 4rrrj vi 3Fil PPM S32 t Best Available C o
2 )I jitr'jMIA FArnl'Jt3J01 DAD~

P -)p ~jPW \Copy~



Table 3 cont'd 2

293 H=1O'(53/10)-1
2-)5 iJSU13 -)80
490 F-J;t G=F4r.JF5 srE F6
'4 )1 I F 0=13 rflE.i /493
4 92 Gýfi /05
4 )3 D=0
194 gii c- i 520
495 L.Er F3=C-
496 Gi~JS3 2000
502 IF Cf2<1 '174E' 507
503 H=KLi)G(S~ili((C+SQitCCCt2)-1))t2))Y
5 04 L=(1.iH+l/IH-)/2
505 D=C 10/2.302583)*L'JG(1+CF.*(L:2)))
506 G-iftl 520
507 U=SU.ICI- C C f2))
:508 U=.MýAtAj(/C)
!>09 D=C10/2.3025S)*L')GC 1+CE*(CCISCI)12)))
520 PjilJf 6
521 G-JSJ3 1500
522 )3E~(1 G
523 GJSU13 1200
52/1 IF f3=o rHE'J 615
525 GJ~JJB 14100
526 G-iJSJ13 2200
615 Piti.,Jf"is AvJir*FAd PLJr REOD? FWVEkR I F')H YEit 0 FORi \flt '
620 1I\WJf f 5
625 IF r5=0 fl-(E' 9999
630 G-ICJ 290
'650 J0
655 ,J=.V+ 1
660 IF '4>15 r.';FJ 695
665 G-ISLIIJ 2000
670 F.=1010*3-1
675 D=C 10/2.30258H$LJGC1+E*C?(2*it))
660 !F D~ls11 fIE> 655

690 (3if) 705
6 95 P'ir.-r-moisE rP1A4 15 ELEMMNTfS 1HEQD"
705s PA&; L-jr AEOD? E.141Eh 1 FORh YFS: 0 FORf 'V31
7i 10i..jpurrif
7i1 5if, r-,,=6 rHE\) '299-
720 PiI'If"EVJtEd it. 14-F ELEMF.\3rsp& FRAC'rIcJ'AL BAVVIWID'rtf
725 I.r'r vpv
730 GL33J13 980
735 Flth G=F4irr9F5 srEi' F6
740 I F G=B rHE.\J 750
745 GfiJD?760
'/50 D=O
755 a3j rJ 77 0
760 LEr F3uG
761 GJSJIJ 2000
765 Du( 10/2.30258)*L)IGC l+EoC?2*'J))
770 PI(I\J'r G
7/75 GJSiJ)3 1500
7 i0 :*.4 EAf
781 GOSUJ1 1200
'/ 8 2 IF f3=0 r;1E,.J 7W.
7/83 a'JSfl3 1305
7811 G141JUB 2200
785 PH'141>'IS A'IJf{Elt Plt~r tF.UD? F.Ir~ I Flit Y'ESt 0 F1311 V-31
7 90 I'JO~Lr r2
745 iF rp.mo FI~'mv fl
8 00 c~ir~ji 20
980 M1VP'-AI.%1JFl I~J A~ I \JC FP3H FHP'.Q"
985 I.VJ'LflJ, 11p4oi13

990 MAX Arrr'JUArtj'IcD13)"
9 95 INOUr'U A
1 000 P'ittJr rAW~25,1"rliA%3SDUCVHi CAtDIf1Y1)'



Table 3 concl'd

1 005 FtJii .=aoris
1 0 10 fl=*1/
1 012 Y I-Y I
1 015 ?*iI.IM1 'AE3Clq+1i0*K;'1:
1 020 .'mx r ;i

-1 025 iDitimr
1 03U Pstivirl(2)"'
1 0 35 J i =C i r,3,3 o
1 014 0 IF r(1=jr4/0)f-EV' 1050
1 0 4 5 60 f,) 10 60
1 050 1P1I.Ir" ! 0,;
1 055 3)rEJ 1065
1 060 rjiii ."
1 065 NE 1*
1 066 ?airJ"' FitiEJ GAI I"
1 0 6* ?,-a JI
1 0C6; F6=-F6

1 200 ir Ar'PRJX 11 IF AESTiVATORS~ KNJJ)WY'3?1
1 205 Plil.V"EY4LEi I FOR~ YESt 0 F)H '41J 9

S

1 210 IY\jpz'U r3
1 215 IF rJ=o r.-i iv 1230o
1 220 ?iI.~"iE.\r~ AiP&I)X VJALUE O)F UN'LOADED Q I)F ItES)IVATCIRS"
1 225 I)vJPu'r U2
1 230 i(E 1rJwI
1 305 F'Jri K=1 i.JV
1 310 6 c K 2 SIc IVC (C 2*~- ) /2 NJ)
1 315 N EX f K
1 320 ýE Mil

1 /405 M=L).JG CC XI + 1I C -X I)C IX I I C X I)

1/115 J=A4/'j
1 /120 1(t-?-)/

1 4130 A C)= SI NJ( (C 2*:{- 1)J 1 /24 \J))
1 /135 a( " = C a P) + CCs I %j c (-c 11 /\J)) ?)
1 4/10 'qFEX I'
1 445 GCI)=2*AC1)/,J
1 450 FJjt i=2f 1\1

1 4 85 A~E fUi-I
1 500 A=IA r CD* 5 0/A)
1 505 IF ;450 rFE~j 1525
1 510 I F A:=0 r4IE' 1535
1 515 Pui' Vf TAM3 6) ; D; rABl3 P.0)3o" rAB( 20+4 NO +'

1 520 DINi 1540
1 525 jjjt.\jr CAD'( 6);D;'rA3C 20); .

1 '530 G'JrfJ 1 5/40
1 535 r'kiiaw rAD(6)l DJ TA;3( 20) ;"+"
1 5/10 SiE r UA
2000 J2-1-W/2
2,005 JJ C J1 4cF3)IC 240.3)
2010 J4( CJ1 /2' 40P

205V1 a ;J11 C S 1 4C J/0) P.)) 'C 1114)
P 020 V2C(SURC CSI \ICJ3)) 12)) I CI /.V)

2210 UIMUI+0C1 <)

229!5 9hit4r"MIDL3A?.3D LJJS I'U14CREAs? DJ~ur ro t)!S31PA'r11*43m1iUt1"D13 )~PROV



Table 4
Computer Table 4 Listing of computer program BPLE

I DiA1 A( 2 6),ri(26),CC26),G1C26),L(26)
3 t'B JfLJE-LM~ AV~D-P-ASS F! LfNRIz,

5 ; \iv-F,3i 'rc4IERBSC?{FF rtESi~jVJSE"
6 r~hiiVP'E.\JfEkh \I:)- JF SE(,r!i~jjs, v~Fcf,
7 ?4tI Mr"/A\31 FhACNI )"AL -13A\JDWIDr;T"

9 7=2. 7183
1 0 ? 1=3.111 6
1 1 4(=21c? I *F
1 2 G C )=1

', ei~~~I Fh{ rC*4E~asmiEFFF; 0 F311 PJ~rr~i~w.1Rr4-v

1 6 I-- rl=1 r-E.\j 19
1 7 G3J1J3 1300
1 '1 G1JTi 20
1 -) GJ5J' 1000
20 F-3ii :{f)n~v~i

22 VEX)C r

/42p pjiC'4f"5)WUrCE' r\'J) !AAD IMPEDAl'4CE=";,1-;"FM"

46 P=K/2- IN r (i/2-)
5 0 IF ?>O-1 ir'F-{E1J 60
52 C )/iC~)X
S54 L(K)C=(*GC{ )/(W*A) L q:; u.

57 G'J r] 63
60 C C:0=GC'-() ('V 4*A~)
61 L .)=cWi G :)!

63 'JEX~ r

65 /4 il,*Ii"'C()LC2);CC3)L(3)... ~ti.S~IALS ruvmvD

7 6 Pit I'J'
7 7 Pz~ia jr

90 1IF ? >.I1 ?I.-E'q 100
92 C~)G.)Ci~.

)6 PAl \Ji'''CC ''; K;" =''; CC ':C) 'IF A";{")';I 0 ""
9 7 G!UT]~ 1 03
1 00 1,(;0Ci* GC;1 ICAW)
1 0 1 (; ( .0) C/( , C(* k<)
1 02 k- ,I'j r,,(, I,;"="; C (K); "*'F U,,; <;")'1 T. : ":

1 03 'JEAf I'I
i / >,1 04 rM:' c c i )T, 1,;C C C 3 )1, 3). .Su:AIIFS 17'J VED"

n 5 P ,I v r " GC 2M)LC 2) C C /1 1ýi /I . PAIiALLF". , 'JD
106 P iI 'r,, I s n j r I Xi {EI D ES I G I V-W)f?"

1~~~~r, I. a 3f~3iE F ]i Y'~ 'J~'I

1 qp ~HJ1* rR
o,) IF r2~i 1'4'3
in 10, (3if1* )9J)
j1 00 va 3fE3E~:IP!F ALU.Wc DID"



Table 4 -ont'd :

1 095 1 'It'L U .

1 007 P;.ii )3fgC;{EpBiSCH-FEFF FLEM*~I' AL VAL tJE§1
1 010 x{1=R/17.!V/

1 020 r=t~~

1 021 VJ=M/4

1 030 FJi- K=1I N.1
1i -1 k5 (=i I 2<- *' /2Q~

1 050 cC-C I2-fA(1I) /U
1 1513 ý =21,j~i
1 060 G( ()=C/4fcAC .- I)k'ACjC.0 13( -(-I) ROC -({))
1 0 65 T-- r
1 066 IFCC(1/2)-i1'rTC'/2))>o./i rqF~v 1069
1 067(~'
1 0 M c-Jr-J 1070
1 069 GCU+1)=1
1 070 f Ji i'J

1 30~ ? I~"~J~JfE JM 1-EME\'V!r3AL VAL.UFS"t

1 301 G C \j+ I I
1 305 FTh. <(=If -14

1 315 \jEA r -
1 320 ýir f 'i
99) EV Dj



Table 5 Comptabr g Lkdtng of computor progrm SECFI

N EW I3ECFI
1 DIM'1 AC26),13C26,,6C26),#JC26,
2 PHiINJ"EDGE-COJLPLED BAV1D-PASS FILrEIIS"
6 PHi Jr"'E.VJiE NO'S UF S1.CTrINS#i5Z (OHM4S) AN"D FIJACTION~AL BA'JDWIDTH19
7 ivtpu~r vpo
9 F=P-.7183
1 0 ?1=3.1416
1 2 G(0)=1
1 4 ?iiINFfE-VrEll I FOki TCHEBYSCHEFF; 0 Flit BUTT ERW'JRT4{
1 5 INiPUT T I
1 6 IF *r1=1 THENJ 19
1 7 GOSLIB 1300
1 8 G')T1l 20
1 9 GJSUB 1000
20 Fait {z=O0TIJ01)
21 Pfli VT" G(C";K; 1) =01;G (K)
22 JEX r K
23 pHINT'
4 1 PulmIJTS'JtMC' AN~D LOAD IMPEDAVCEw'i ZI "OHMS5"
45 PHI tVT"ZLIEC OHMS) it; A1C 13); #IOUC ')!L%1S) *3;TAB(C30); "Cs A(4);1CC7I
4 2 Pii .4r
5 0 Fait K=0T0V'
60 IF K-0 TH[EN 200
70 IF K=NJ THENi 200
8 0 jCK)mc?1*w)/c2*S.IlCGC'C)*GC1+K)))
a82 Z1=(1+JCK)+(J(K)f2))*/-
834 -72=C1-JCK)+CJCK)12))*Z

889 D=-C20/2.30258)*LO3GC1/C)
9 0 L=K4-1

1 30 NEX&~T it
1 10 GO~To 250
200 JCK)=Q=5iICC?*W)/C2*GCK)*GCtf+l)))
210 G'JT' 82
250 PjilJT "IS A.',J'JHEII DESIGNJ REOD ? ENTER 1 FOR YES: 0 FORl V-0"
260 IŽJPijTf T2
270 I F T2= I TH~EN 6
280 G'JTO 9)999
I g000 PRI.VJT"EVJTER Fi11PPLE VALUECDB)"9
1 005 IN'JPUE i
1 007 P~il.'JT"1TCKEI3YSCHEFF ELEMEN4TAL VALUES"
1010 X1l=/17*37
1 015 M=LOGCCEIXI+EtC-Xl))/(UZX1-EtCK1l)))
1 020 Y- X" C2*.'N)
1 0.21 V=:4/4
1 025 0=(EfY-Et(-Y))/2
1 030 FORJ u I O{1JNJ

1 040 qCK)=C~f2)+C(SIYUCCK*PI )/N)) t2)
1 045 NJEXT K
1050 G(1~za2*AC1)/Q
1 055 Fait Ka2Ti3%j
1 060 GCK)uc(i*A(;{l-1)*ACK) )/(D({-I)*G(K-1))
1 065 NEXT K
1 066 jF(/)1TN2),9 THEN 1069

1 067 Gaoi

1069 G(N+41ol
1 070 i(E'rW14
1 30n Ip HI .J'r"131DT 'rliWOIITH P1mmE'TAL VALUPRS'
1301 G(V+D1)u
1 305 P~h'Iwl' f{.i'i

1 315 .,4F.T K
1 320 liETRul
999)9 END



Table 6
1-7 Computer Table 6 Listing of computer program BDPS

NO LISI
PROGRAN(SOPS)
INPUT IuCRO
OUTPUT !wLPO
TRACE 2
END
IMASTIER RANDPASS
REAl. GVALUE(30),WIDTNC30)PLENGTN(30),EAP(30)
P, 20fC30),lOE(30),LAMIDA

LISTfCONST/ZO,DIEK,N,SAND,CENITER
4ELIST/D0NST/ftIPPLE.SECTN,FREQATTEN

READ(1 ,lONST)
CONVE25 4001

14WHIC ON V
RNAFEBAND/CENTER
IF(BAND) SoS,25

5 8ERRw156.OUANDF*NAWD1F
BANDs-BAND
IFP( R 1Pp LE)20s,20,10

10 uERR=125..IERR/156.
20 8AkDFB-lBANDF*(1 .+SERR/i00.)
25 NS1CTxSEdiTN

IF(4S1CY)3O,30Oo50
30 FNORMuARS(FREQ-CEWTER)/CENTER/(BANDF/2.)

CALL NSPCTN(NSECTPNORMATTEN,RIPPLF, RER)
IFCIER)S0,5O0,AO

40 WRITE(3,910)FREQAT'riN,RIPPLE
910 FORMAT( // 32H DATA INCOMPLETE OR INCONSISTENT#1ZN ATTEN FREQN#F7.

13,70 ATTENNJ6.2oflH RIPPLEUFS.Z, I
G0 TO 160

50 CALL ELENENT(GVALUF,NSECT,RIPPLEIER)
IF(JER)?0,70,60

60 IJRITE(3,920)
920 FORMAT( //936N ERROR IN ELEMENT VALUE COMPUJTATIONS,//

GO TO 160
70 TEftM=(DIEK-1.)*(.2Z58*.1208/DIEK)/(0IEK41.)

TERMuALOG(1.3/8.,SQRT(64./C1.3*1.3),Z.))-TERM4
IF (TERN4) 0 ,90,90

80 WRITE(3,930)
930 FORMAT( // 30H FRINGING FIELD CAPACITY ERROR, I

so TO 160
90 Z41Ru59.96.ALOG(4./1 .3,SQRtT(16./CI .3*1 .3)'2.))

Zw84.7833*TERM/SQRTCI .*OIEK)
CFE(ZAIRI(.011803'2'Z)-.225 *l.3'PIEK)/Z.
NwNSECT+1
T1MPs3. '41 592654*1ANDFI2.
DO0 100 121 ON
TERMUTEMPISORT(GVALUECI ).GVALUE( 1.1))
I F(I-1 )IO0,104,102

102 1 F(I-N)106,104,1000
104 TERMaTERM/SQRT(TFMP)
906 ZOE(1 )wu..*TFRM*TFRMI ~ZOOCI )s(ZOE(!)-TERM)*ZO

ZOE(1)w(ZOE(l)*TERM)*ZO
LENOTNHlwO.



Table 6 cont'd

100 GAP(I)SO.
1AMODAUII .603/CENTERI4.

nlo 130 81'11u
CALL. CPI-HS(UIDTHCI) ,GAP(I) .DODDDEVEN,H,DIEK,ZOO(1),ZOE(I) ,IER)
IF(IER)110*IZ0,105

105 WRITF(3,940)
940 FORMAT( // 334 ERROR IN COUPLED STRIP SYNTHESIS, I

40 TO 160
110 IERjuIEPj*1
120 WwWInTHfJ)/H

LEMGTH(?)ULAPIBDA/SQRT( (DODD*DEVEN)/2.)
CALL ZSTRIPCZ,w,DIfK)
ZAIRU59.96*ALOG(4./W*SORT(16./(W*W),Z.))
CAPszAIQ/( .011803*Z*Z)
LEWGTH(T) aLE WGTI4 C)-C P*WI~DTH( I) CAP

130 CONTINUF
CALL MSRIP(ZOOIEK.99.WoCIER)
AN I)p aBA NDF CENT ER
IP(IER-1 )1 50135.140

135 WRITF(3,950)
950 FORMAT( // 44W FIROR IN INPUT DATA-NEGATIVE OR ZERO VALUES, /If

GO TO 160
140 IFRIBJERI4I
1'50 WRITE(3,96O)CENTER,SANO,RIPPLE ,NSECT ,N,DIEK, ZO,W.SANOF
960 FORMAT(HI#I///,10X,35H PARALLEL COUPLED MICROSTRIP FILTER,I/ P7.3,

121W GHZ CENTER PREOUENCY,F7.3,14H GHZ BANDWIDTH, / P7.3,10H be RIP
2PLE,11X,1?,9M SECTIONS, / P7.3,15H INCH SUSSTRATE,6X,F7.3,2OH DIEL
3ECTRIC CONSTANT, / F5.1,35H ON4 041CROSTRIP INPUT LINE OF WIDTH,F8.
44.,74 INCHES, I P7.3,38W 6HZ BANDWIDTH DUE TO PRE-COMPENSATION#

WCONvwW*CONV
WRITE (3,222)ZO,WCONV

222 FORMAT(M FS5.1,21W OHM INPUT LINEWIDTH2,P8.4,3H MN)
WRITE (3,970)

970 FORMAT( / 54W SEC ELEMENT WIDTH GAP LENGTH zoo ZO
IF# / 5414 MUM VALUE INCHES INCHES INCHES OHMS OHMS,/
D0 254 I81'N

152 WRITE(3,980)JGVALUE(I) ,UIDTH(I),GAP(I),LENGTH(I),ZOO(I),ZOE(I)
980 FORNATC!3*3P9.4, p8.3,Zp8.2)

WIDTH CI)aWIDTN( I )CONV
GAP( I )GAP( I)'CONV
LPNATH (TI) uLPWGTH C I ) CONV

254 WRITE(3,52)WIDT'4C1),GAPUI) LENGTH(I,
S2 ;ORmAT(14 ,3HW u,F9.4,20MH/1W ,3NS u,f9.4,?HMMI

114 ,3HL w,P9.4,ZWMMI/I)
WRITE (3,9S2)

9P2 FORMAT( /// AHII)

155 WRI TF (3,985)
985 FORMAT( // 45H ACCURACY OF M1(CROSTRIP SYNTHESIS IS IN DOUBT, I
160 WRITE(3,990)
990 FORMAT( // 29H DESIGN ABORTED DUE TO ERRORS* l/

GO TO I
END
SUBROUTINE CPLMS (W,S,DODD,DEVEN,H,DIEK.ZOO,ZOE, IER)
IERuO
Himi.
Sul .05
S18.9
ICOlJNTNO
21ffZOE*zOO
CPLIwGUCZOE-ZOO) IZ1
7laZl /Z.

10 TCOlUNIuCOUNT.1



I P Te~uIT-2~zo~o,6oTable 6 cont'd I
20 7=21

IF(- 30,.40., 40
30 ZwZll(.-O.fl3125.(1.-S).W)
40 CALI. MSTRIP(Z,DIEK,HI#W,0999, lEf)

wuw*(1 .+.OOltL/(W*W))
CALL 1%%fCPL(SI gCPLINGs,Og1EKelEft)
IF(AsS('%-S1)/S-.0O1)70,70,5O

60jIt:-2#I.ER

CALL ZS-- IP(zOAIa *W, £IR)
TE14PsZOATR*ZI /2
TEW4Pi8.A5*(¶.-St*S1/?O.)
IFCTFNP1 )S0.90#90

80 TEMPImO
90 SSS¶.N

TEMQ2U(I..89,ZO..W*W)j(4.397*ZO.*W*hi)

ftODr.(1 .-CPLING-IEMPI)OTERP/ZOO
DEVFW.(i ..CPLING.TE14P1)*TEMP/ZOE
0OD~. DO0D*nO~f D*TEN4P2
DEVFNaDFVFN*DEVF.N
RE Tu P
ENO
SUBROUTINE INVCPL(S*CPLING#WtDREK, IER)
TARGFTul./CPLI46-1.
A81 .482

Cw4. 37
o*1 .40468

I COUNTofl
10 !COIJNT=ICOUNT,1

IF (ICOUNT-20)ZO,20.50
20 SI=ss*B(W-1.5)

TERP4i A*%1'S1 +C*SI+D
YFRM?ul ..S/(F*W)
YRIAI.uTFRMI *TERMZ-TARGFT
fl.R1VxYFRM1/(E*W)+TERM2*(?.*A*S1*C)
IF(ABS(TRIAL) ITARGFT-.O0Ol)60,60,30

30 S=S-TRIAt/OEPIV
!F(S-.01140.l0,l0

40 Su.00
60 TO 10I

50 lTFts-I
60 SES/(1...0009/(S*W*W))

RE TURN
END
SUSROUTINF ZSTRIPCZ ,W,DIEK)
t'P(W.-¶.3)1,1,2

I TERt~u(D!FK- ) /CMEK+¶)
TVRS~uTERM'C .2258+.1208/DIEK)
TERMaALf)G(W/8.4,SQRT(64./W/W4Z. ) )TERM
u84.7833/SoRT01)EK+1 .)*TERN

RETURN
2 x&2.

ol3141S926
3 FEX/PI-l./X/Pl.2./Pl*ALOG(X)-W

I F(ABSSF)-.O0001)55,54

GO TO 3
5 AmALOG(X)



Table 6 cont'd

SIU.1?9.(Xi.l .X)..953
S1..732*(A-ALOG(SI4SQOUT(Sl*Si- .)))
S22. 3861-1 . ,x
S8SZ.(SI -32) /DIEE
TFUMu0IEK-(fIEK-¶)*(A-S) /D
ZmRI SORT (TERM)
RETIORN
Elio
SUBROUTINE NSECTNCSECTS,FREQATTENRIPPLE,IER)
INTEGER SECTS

C TEST FOR VALID DATA

IF(ATTEP) 10,10#20
10 IERwI

RETURN
20 IFCFREO)1OP10,30

C CHE17K FOR FILTER TYPE
C

30 IF (RIPPLF)1O,40,5O
c
C MAX FLAT FILTER
C

40 TEMPmALOG(10.OO(ATTEN/¶O.)l .)/(Z..ALOO(FREQ))
Go TO 80

C CHEBYSHEV FILTER

50 CONSFUZ.30Z585
TFMPuEXP(CONST*RIPPLE/i0. )-1
TENP.SOaT((EXP(CONST*ATTEN/lO.)-l.)/TEMP)
IF(EREO-1 .)60,70.70

60 TEMP-ATAMMQgT (I. (TEMP*TEMP) -I.))
TEM4PaTEMP/ATAN(SQRT(1./(FREQ*FREQ)-1,))
60 TO 80

70 TFMPuALflGCTENP4S@AT(TENP*TENP-1 .))
TFNMaTEPqP/ALOGCFNEO*SQAT(FREQ*FREG-1 *))

80 SFCTSsIrIX(TENP+.999)

C MUST HAVF AT LEAST TWO SECTIONS
C

IF(SECTS-1 )90#9O01O0
90 SEC1Sx2

100 CONTINlUE
RETURN
FWD
SUBROUTINE EP.EMENT(GVALUE.SECTSuRIPPLE.IER)

C fi~uGVALUfCi),8u4VALUE(2)#ETC

INTEGER SECTS
REAL RIPPLE,GVALUE(30)
SINHF(X) .EXP(X)-EXPC-X)
COSM4F(X) uEXP(X)'EXP(-X)

C
C TEST NUMBER OF SECTIONS
C

IF(SECTS-1 )10,1O,20
10 TERmI

RETI) RN
20 Pfu3.i10592654

TF1MPaFLOAT (SECTS)
NwSECTS.1
IFRwO
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Table 6 cont'd

C
C TFST FOR MAX FLAT FILTER
c
C

IF (RIPpLE)10#30,SO

C MAX FLAT FILTER

30 OVALUE(1a1.O
GVALUE(.SECTS*2)u1 .0
0O 40 li#1SFCTS

40 6VALUE(I.1).?.*SIN( (2*1-1 )*PI/CZ..TEM4P))
RETURN

C
C C'4EBYSHFV FILTER
C

50 TFMplu2.*TEMP
TEMP*R I PPL / ¶7.37
TE4P~mC65HF (TEMP2) /S INHF (TEMP2)
TEMP2uA1.OG (TEMP2) /2.
TEM03zSINM ( TEMP2/TiMP)
6;V ALUE ( )al.
GVALUE(?)04.*SIN(PI/TENPI)/TEMP3
TEMP3uT7.mP3*TEPIP3i4.
DO 60 123,N
TEMP4u4..SINCFL0AT(2*1-5)*Pl/TEM4P1)*SIN(FLOATC2*I-3)*Pt/TEHPI)
TEMP4,uTFuP4/((TEMP3.SIN(FLOAT(I-2)*PI/TFMP)O*2)*GVALUE(I-1))

60 GVALUE(I)OTE,4P4
IF C mon(SECTS,2) )80u'70,40

70 TEMP4uCOSHF(TEM4P?/2.)/sINHF(TEM4P2/2.)
GVALUE(hN4.1)uTEMP4*TEMP4
RFT"IRN

8O GVALUE(N~i.)u1.
RETURN
END
SUBROUTINE MSTRIP(Z.K,g4EIGHT,WIDTN,KEFF, lft)

C SUSPROGRA04 NO 3259 SINGLE MICROSTuIP SYNTHESIS
C
C SUBROUTINE CALCULATES THE WIDTH,W,AND EFFECTIVE DIELECTRIC CONS-
C AN',KEFF,Of A 04ICROSTRIP LINE GIVEN THE IMPEDANCE OF THE LINEPZ#
C HEIGHT ABOVE THE GROUNDPLAME,14,(DIELECTRIC THICKNESS) A40 THE
c DIELFCTRIC CONSTANT,K, ERROR CODE:OnNO ERROR,1ufREOft IN INPUT
C DIMENSIONS (0 OR NEGATIVF),?. SOLUTION NOT FOUND IN 10 ITERATIONS

REAL ZZ(2)#EK(2),KEFF,K1,tk*K
IF (HEIGHT)1O,?0,20

AETURN
20 IF(K-l.A)10,30,30
30 IF (Z-5.3ISQRT(K) )10,40,40
&0 IERAO

P[03.141592653

9HuMPIGHT

Z¶U59.96*ALOG(4.IW*SQRT(16./W/U+2.))
KFFFm(tl IZ)**2
IF (WI)70. 70, 50

5O Ir(W-1.3)60,70,70
60 wtoymN*m.

RETURN
70 Aa83./ZISQRT(K)



Table 6 conclci

An2 5.(A**.4*)
so no 90 1.1,?

A6A.A9
XwEXP (A)
Dol.*(X*.1 .x)/2.
RluPI.188.35/D
SIe.179*(X41 ./X)..953
SiU.732*(A-ALOG(Si*SQRT(SI'SlI'I)))
52n.3836-1 .1x
SnS2*(SI-S2 1K
KK(I)mK-(K-1 ,)*(A-S)/0

90 ZZ(I )mRI SQ#T(KK(I))
Z88ZZ(1 ) Z.+ZZ(2)/2.
IF(ABS(ZR-Z)-.001*Z)130,130i'1 00

100 NUN1032,2"

110 IFRw2
60 To 130

120 AUA-A9*?4A9/(ZZ(2)-ZZ(1))*CZ-Z8)
G0 To an~

130 WIDTHuI/PI.CX-1 ./x-2.*A+A9)*H
KFFFuKK(1 )/2.+KK(2)IZ.
RETURN
FND
FINISH



Table 7 ,-

Computer Table 7 Listing of computer program STUB

S.• E.t•' •j j.Jj
DI .IA "C.•A)}3C26),GC2•, .JC26),.{CC ,,6),P6) ,1(26)

2 r?:tI Af".3A\JD)A3 3  1i'z:i: 6*J1.ir-k•..r s .Jis '. IrArTIF S"
6 r',•I f"'-f4;1 •]. . iF i I Sir, r I J ,YI'IP.) AITD Fli.I:rI, )v.r PAv'41ltnrv"

" /3 " 0 )=L

1Y 1•r3.1413

12 GC • =I
1 If gg'I FV.'"•;•l 1 Flit N n F bt s rF3 r.h1;t 'V'

1 5 I J f fl

P6 Flit (=13 1(" 41)21 6 '- l~ l W 'CC .: G C

I ? jJJ3 1.3)0I
/1 2• , ;-.1 20
I ) A.( JI C 1300 C
2/0 FG:h {2=I-r( C 11)
2 1 I ij•f"C("; {; " J ="; 1 .( {C

* 22 ,,:.-:.c i

23 Cii C A-f
'41 €1 *.P'I J"5Jz•C•" &'D L )'D [I P•.!)AWtL"=',; .; " lqM3"
4 2 P.I•;i
500 r2=(?1//.)*(1-•./2,

65 IF A'J=2 f-l:J 6355

5 7 -J IF \=3 Nl{•( 630
51- FJi.~ A={2 1') 01-2)

6JO , ý(10=-C,)/j(}.)
610 12=({CI )22)4(2.P)

620 J~
620 '1 F.<1r <

6/0 A) CA-I ) =*C z; 1 a( C J C 4--1 P

6-55 C Ii" al.; CI)

67O0 PillN {} "M¢ "-0 n/,J(.C

6 10 P'({}-vi ( .J• <w I r 3 \



Table 7 cont'd

V ,2] 0 :,111' 1".{M I) v M 2) 0..0. C 11)F r]j ,,4r C1J' f I V'C 1.1 \175C )N45's
7 J 0 ?,nl 'Jif"-' , I, , 2)0000~ o * w s r ias c iq4sI

/ 4-) ? It14 f "I S A4. Ciu'ii DE S IC A*-, )1 :DF F14 I FifS 3hyusnF-1 A1 I 3I

59 19 f31 f3'.

61 00;'] C3=1 ~f'~iJt~i 6 AJCTB

1 t)J -i I r 'J i f Fi

1 tj0 ,l if"i '1 fILF LF'EIEýAL VAUOES"

1021 v=.4//,

1 03']) jiiý 1= 1 4

1 035' AC Q( i i2)4C CC - I ',( Cg~J)) V2)

1 0,0] V I =249-MC1 )/.'j
1: FJ;1K. iC=2,f ) 4
i) G~ ( C0)= C /I i C -i-1 4 ~c(()CC C- 13 1GCC-I

1 -365 4E-'C f
1 06 1 F(('3/2) -1I (j'fC42))>0 /I cqlu:'J 11]6
1 0 67 CC 4+1)= -* +ýIC V))/ ?t-- tC-V
I 6;1 (Jif i 10 T)
1036) GC 4+ 1)

1 3010 9.. *J i£"!3*,;j r r F.11)si3 t v.L;FJ VAT VA. IF.J"
1 .301 G C4+ 1 )1=

1 3 1]. GC {)=PASIV((-l ) '&1 /C2 pit )
1 3 1 : Pý<i c1
1 320 &Y .);-

Rbeprdue from
besi avIlal copy.



Appendix A Appondlx.A

Example of the use of computer program MICR (m section 2.1)

A table Is required giving Z0 and velocity ratio for given microstrip !mmidthl .
The substrate material is to be alumina with an effective dielectric constant of 9.6 and
thickness 0.635 mm. Results are required for linewidths of 0.05 mm to 1.5 mm with
0.06 mm increments.

Di: P'AAT 1

C PRJG: MIC, )

E v;-Ei. DIELECrirI. COViSTMIT

E NjrE.-; suBsTr.*rE N1{!C*(\J:.SCi( 4)
0.635

E.1 rE ] L,3 "CL)PI\JC.tEME•jrcI) xI 4(G'EST(C) VALUES IF •I DCT:!•'.)
L=

- 0.05

I -0• - 0.05

S• - 1.5

W(.,'.'>I) W( I'!1,] ) ,'J( ]'Yi{AS) L( C) /L( KJ

.050 1.969 115.926 .'4158

.100 3-937 97.714 .41P2

.159 5.906 86.99) .4102

.200 7.574 79.337 .14087

.250 9.843 73-395 .4076

.30') 11.311 68.552 .4067

.350 13-7830 64.450 .4059
•I400 15.748 60.980 .4045
.450 17.717 57.921 .- 4020
.500 19.685 55.2114 .3997

.550 21.654 52.793 .3977

.600 23.622 50-610 .3959

.650 25.591 /V3.628 .39412

.700 27.559 46.816 .3927

.750 29.528 45.152 .3913

.800 31.496 43.617 .3899

.F850 33.465 A2,195 .31387

.900 35./133 40.,73 .3875

.950 37.402 39.639 .3864
1.000 39.370 38.485 .3853

1.050 41.339 37.403 .3843
1.100 43.307 36.385 ,3833
1.150 45a276 35.426 ,3824
1,200 47,244 34@521 ,3116
1.250 49.213 33.664 .3807
1.300 51.181 32.851 .3799
1.350 53.150 32.080 .3792
1.400 55.118 31.347 .3784
1.450 57.057 30e649 *3777
1.500 59,055 290953 s3770



Appendix.B Appendix B

Example of the use of computer program STR2 (see section 2.2)

A table is required giving Z0 for a range of stripline inner conductor widths. The
stripline is to be made on Rexolite 1422 printed circuit board. The dielectric constant of
the board is 2.53 and the thickness of a single board is 1.5875 mm, thus the ground plane
separation for stripline is 3.175 mm. The copper conductor layer is 0.03556 mm thick,
and values of Z0 are required for linewidths of betwaen 0.2 mm and 2.5 mm with
increments of 0.1 mm.

D.3 , .'i" I

C z*-ij,: jf.'O)
E ',JTEr. D)t Er.,.C iE•. C C ]'.Yxl:fjqr

" 2.53

"0.03556
1 V rfE;- GJJ ;J:'4D L LA\JE SEP.(ArI )'%C M.)
- 3.175
?: i't L'~X3 .:c.L),I 3Ci.EME\fCI), {II Gt!ES '( ) VALJ,:S 'IF TI-..)(rqCMM)
T =

- 0.2

- 9.1

- 2.5

V EL.]CI r rf iiAl r]= .62-)

0CVi C417;) ,¢'J U) .- B, -£) •¢JqMS)

.200 7.87/1 .06/a V!).721

.300 11.,36 1.9)( 116.9/11

./03 15.7/V1 .1-7 107.530

.590 19.6;35 .159 100.V49
• 600 23.622 .191 93.-3/1
.700 27.559 .223 88.515
.800 31./496 .255 83.165
.900 35./133 .-27 79.732

1.000 39.370 .319 76.013

1.100 /43.307 .350 72.724
1.200 47.2/44 .332 69.985
1.300 51.11g ./114a 67.44.5
1 .400 55.11 ./4/16 65.083
1.500 59.055 .o478 6 P. - I1
1.600 62.092 .510 60.e23
1.700 66.929 .5/l1 51.095
1.800 70.866 .573 L)7.0*36
1.900 7/1#.303 .605 55.31/i
2.000 78.o7/I0 .637 53.791

2.100 82.677 .669 52e.269
.200 6s6.61/1 .701 50.839

2.300 90.551 .733 49.e415
2./100 9/1./113 .76/i /48.201
2.500 91.-425 .796 46.983



Appendix.C Appendix C

Example of the use of computer program PLOTBP (ne sectiorn 3.1)

A bandpass filter with a Butterworth maximally flat response is required for use
at L-band. The centre frequency is to be 1.55 GH-z, and a 3dU bandwidth of 8% (fractional
bandwidth 0.08) is required. A rejection of at least 12 dB is essential at 1.4 GHz. The
filters are to be made in stripline form on Rexolite 2200 where the approximate unloaded

Q of the resonators is 320.

(i) How many sections are required to meet the specification?

(ii) Plot the theoretical frequency-transducer gain response for such a filter

between 1 GHz and 2 GHz with 0.05GHz increments in frequency.

(iii) Obtain an estimate of the increase in mid-band loss, due to dissipation,
which would be expected for such a filter.

+ UN

Y.'i. \1-l. . -. S ?- I L. 1F'] S.t: : l'i r. "J n l "-CI tiJ } J L'h t U ' zi' i-.'wt.rt.1ri zi.-k, :3j1:. Si

F' Ii-? J LL iW hL.1.;Cir1 lt\' 1-1.

T*Nt~~~~~~c;~ WLi: 1-A~ U~ I.G UIL L~ I h~r/'N'iEt ? N "Tt FiC i t• l I P, O. Y-L !ý. : U ýi'Ltt.

CE;:'i-.- i- - 1 • . s L'-z.C I 1\-C P L I~a .!A. in

/I Cb1Vu;(

"."P i .' 1! "iH= b • i'(L,): .lb551+10 ::'

FNE'\ .. ~ 1 I.LF iG~t-i,,'• ~. .:." . l.. l. [rUliI" ,.

8 - U

IS iL.'"! 1 : 7. EL\:Tl~b 1 1'DI;. "yES.: uJ it'it L•

•- 1
!FNTFF'. >•(. i'F i i ,'.l:.'. ?* i.fCilt!,'AL L(.\<L.i. iLi•

"f-khi. i:t. l-if-P .I:\,it'•.i 1lt I".'''. I'i'F'.

SReproduceod From
bels available copy.

1%



Appendix.C cont'd

Ci -b -16 -k4 -3L -40

F P.. F:C. L .6 A I

3.z 7 317
5 F 73+(;I*b

* 1- 25F+ 1 1

* 36 .ŽZ69

'e7,* 5095 , +

-=30f. Iv+

.1 75F+ 10
P- (I -P I e_,9 +

.1 7F_+ 1(
15, 797 9 +

16 5F+ 10
1 •+t5* , ] -+

• 1 65 + I C
I -525P1 0+

*155P +1 It
(o +

I 5T. + 10C
I • 512 5•. •- b+

.1 45 E+ I U
V*98 +

I14E+10
15.48 +

.1 35F+ 10
20.4191 + 4

* I 3E+ U
2'4.3071 * +

* 125F+ 10
27.5096 + 4

.I•-F+1tj

30.-247 +
,I I5F+ 1O

32*6182 +
o3 + 1 0

:Y;.7377 +
.05E+10o

38 •/. 0 9L•
IS A-1CC-Z Q OiF RESUNATUi KNOWi0?
ENTER I F01 i YES: 0 F0h NO

FNT.F', PiP;OX VALUE OF *UNLOALLD 6 O1 HISUNAIOPSI.

r, IDhAND LOSS INCPýAS DU1 TO DISSIJýATIUN= o479b39 LL A-e-IauA
IS ANONIE1. PLOT I('&t? FN1E.H I FUIR YE:S: 0 U N

4 . 0



Appendix.D
Appendix D

Example of the um of computer program BPLE (we notion 3.3)

Design a thre-sectlon bandpasl filter with a centre frequency of 1 GHz and a

bandwidth of 20%. A Tchebygcheff response ir roquired with 0,1dB ripple in the pas-
band. The source and load impedances we to be 50 ohm,

RUN
RUN PROCEEr ING

LI)MPFD-ELEMENT RAND-PASS FILTERS
DO NflT I).E FVEN NtiS OF SFCTIONS
FOR TCHFRYSCHFFF RESPONSE
ENTER NOS OF SECTIONS#Z(-rHMS),CENTRE FREO(HZ)s

PND FRACTIONAL RANnWIDTH
"- 3,,S0,E9,f1-P
ENTER I FOR TCHEFYSCHEFFJ 0 FOR RUTTERWORTH

ENTER RIPPLE VALUF.DR)
•" 0.1

TCHFRYSCHEFF ELEMENTAL VALUES
G( 0 )z I
G( I ) 1.03158
G( )9 1.147/
G 1 " ) 1 .fn i" 57
G( 4 ) 1

SOURCE AND LOAD IMPEDANCE= 50 OHMS

CC I )z .16t181F-I0 F L( I )a .15AFt2E-F H

C( 2 )z .55AP36F-12 F L( 9 )z .45653hE-7 H

C( 3 )= .164179F-t0 F L( 3 )z .15APAF-S H

CCI)L( I )JC(3)L(3)*.,.PARALLEL TUNFD

C (C )L(.)JC. )L( ), SFRIES TIJNFD

FOR DUAL
CC I ) .617129E-12 F L( I )= .lA6052F'7 H

CC 2 )= .18261AE-10 F L( 2 )z .I38709E"R H

CC 3 )z .617135E-1P F L( 3 )z .&4OA148E7 H

C(I)L(I )1C(3)L(3),.,.SERIES TUNED
C(P)L(P)JCC(4)L(4),,,*PARALLEL TUNED
IS ANOTHER DESIGN REOD?
ENTER I FOR YFSI 0 FOR NO
-o0

FIN! SHED



Appendix.E

Appendix E

F Exampe of the un of computer program BECFI (mee section 3.4)

A five-section bsndpeu filter is required with a contra frequency of 0.85 GHz
and a 23.5% bandwildth. A Tdwebyinchff reqson with 0.6d8 ripple is required. Find
the ein- and odd-mode impedavCes If the source and load impedane ase 50 ohm.

The layout of the filter is shown In Fig.7a.

RUN
RUN PROCEEDING

EDGE-COUPLED BAND-PASS FILTERS
ENTtR NO$ OF SECTIONSZ(OHMS) AND FRACTIONAL BANDWIDTH
- 5,50,0.235
ENTER I FOR TCHEBYSCHEFFJ 0 FOR BUTTERWORTH
f-t
ENTER RIPPLE VALUE(DB)
" 0.5
TCHEBYSCHEFF ELEMENTAL VALUES
G( 0 )v 1
G( I )" 1.00582
G( 2 )- 1.22961
G( 3 )= 2.54088
O( 4 )w 1.22961
G( 5 )a 1.7058
(( 6 )= 1

SOURCE AND LOAD IMPEDANCE. 50 OHMS

ZOE(OHMS) ZOO(OHMS) C CF(DB)
84.0794 37.5606 .38243 -8.34898 S( 0, 1 )
65.9923 40.5041 .239333 -12.42 S( 1 , 2 )
62.6227 41.7387 .200112 -13.9746 Sc 2 • 3 )
62.6227 41.7387 .200112 -13.9746 S( 3, 4 )
65.9924 40.5041 .239335 -12.4199 S( 4, 5 )
04.0796 37.5606 .382431 -8.34895 S( 5, 6 )
IS ANOTHER DESIGN REQD 7 ENTER I FOR YES: 0 FOR NO

FINISHED

d



Appendix.F

Appenix F

Example of the un of computer progem BDPS (me gection 3.4.1)

In order to use this program the following data is required.

Z0 The impedance level in ohm.

DIE. The substrate dielectric constant

H The substrate thickness in mm

BAND The filter bandwidth in GHz (if negative a correction factor is
applied for bandwidth shrinkage)

CENTER Filter centre frequency in GHz

RIPPLE Tchebyscheff ripple value in dB; if zero a Butterworth
maximally flat response is assumed

SECTN The number of sections or zero, if it is required that the
number of sections be computed from the next (10a

FREG Frequency in GHz outside of the pass-band where a Necified

rejection is required or zero if SECTN is known

ATTEN The rejection in dB at FREG above or zero if SECTN is kncwn

The data is fed into the computer using the NAMELIST format as shown in the example
below.

EXAMPLE: A filter is required with a centre frequency of 5.75 GHz and a bandwidth of
575 MHz. A Tchetbyscheff response is required with a 0.1dB ripple. At 7.0 GHz a rejection
of at least 30 dB is required. The input and output impedances are to be 50 ohms. What
are the physical dimensions of such a filter made on alumina of 0.635mm thickness and of
dielectric constant 9.6?

Data: -

V, CON S T

VRIPPLEsO.,1 SECTNWO.OPFEQ. O, ATTENu3O.O

V&End

V indicates aspace



Appendix.F cont'diI

CompuW outout: -

PARALLEL COUPLED MICROSTRIP FILTER

5.750 GHZ CENTER FREGUENCY 0.575 GHZ BANDWIDTH
0.100 O0 RIPPLE 3 SECTIONS
0.025 INCH SUBSTRATE 9.600 DIELECTRIC CONSTANT

50.0 OHM MICROSTRIP INPUT LINE OF WIDTH 0.0249 INCHES
0.575 6HZ SANOWIDTH DUE TO PRE-COMPENSATION

50.0 OHM INPUT LINEWIDTNH 0.6323 MM

SEC ELEMENT WNiTN GAP LENGTH ZOO ZOE
MUM VALUE INCHES INCHES INCHES OHMS OHMS

0 1.0000 0.0177 0.0065 0.202 38.10 77,12
W a O.4492Nm
S a 0.1650Mm
L • 5.1345• m

1 1.0316 0.0238 0.0230 0.197 43.82 58.26
W a 0.60370M
3 a 0.586114
L a 5.0025MM

2 1.1474 0.0238 0.0230 0.197 43.82 58.26
a 0.6037PM

S * 0.5854Mm
L a 5.0025mm

3 1.0316 0.0177 0.0065 0.202 38.10 77.12
m * O.4492 Mm
3 • 0.165.MM
L * 5.13450M

The layoui of this filter is shown in F g. 7a.



Appendix. Apoenix G

Example of the use of computer pogram STUB (usee sltion 3.-E,

Design a bandpass filter with a Tchebyscheff response and a 0.01dB ripple. The

centre frequency is to be 5 GHz with a 50% bandwidth. The source and load impedances

are to be 50 ohm.

- RUN
RUN PROCEEDING

RANDPASS FILTERS: QUARTERWAVE STURS & CONNECTING LINES

ENTER NOS OF SECTIONSZ(OHMS) AND FRACTIONAL BANDWIDTH

- 5,50l,0.5
ENTER I FOR TCHERYSCHEFFJ 0 FOR RUTTERWORTH
"- 1

ENTFR RIPPLE VALIJE(OP)
• 0.01
TCHERYSCHEFF ELFMENTAL VALUES
G( 0 )z I
G( )I .?7563

G( 2 ) 1.30497
G( 3 ) 1.577"1
G( A ) 1.3049?
G( 5 = .756326
G( 6 ) 1

SOURCE AND LOAD IMPEDANCE= 50 OHMS

X( I 46.4397
X( 2 )= 47.4214
X( 3 )= 47.o213
X( 4 )= 46.4396
Z( I )z 47.9339
Z( 2 )z 23.9406
Z( 3 )= 23.7156
Z( A )= P3.406
Z( 5 )z 47.9339
X(1),X(P) ..... Z() OF CONNECTING LINES(OHMS)
Z(I)PZ(2)......Z(O) OF STUBS(OHMS)
IS ANOTHER DESIGN REQD?FNTER I FOR YES,0 FOR NO
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